Introduction {#H1-1-ZOI200528}
============

Ovarian cancer is the leading cause of death among all gynecological malignant neoplasms. In nearly 70% of cases, lesions have already spread beyond the ovaries to the peritoneal cavity by the time of initial diagnosis.^[@zoi200528r1],[@zoi200528r2]^ Currently, optimal primary cytoreductive surgery (PCS) with platinum/paclitaxel-based intravenous chemotherapy is the standard treatment for surgical candidates.^[@zoi200528r3],[@zoi200528r4]^ However, some randomized clinical trials (RCTs) have recommended neoadjuvant chemotherapy and interval debulking surgery as the standard clinical choice.^[@zoi200528r4],[@zoi200528r5],[@zoi200528r6]^ Additionally, intraperitoneal chemotherapy has significant advantages over intravenous chemotherapy. However, most patients developed catheter-related complications. These discrepancies have initiated a debate and hampered the widespread development of intraperitoneal chemotherapy.^[@zoi200528r7]^ Therefore, novel and more tolerable therapeutic alternatives to intraperitoneal chemotherapy that could prolong survival outcomes also need to be considered.

Theoretically, the permeability of anticancer drugs is improved by intraperitoneal delivery combined with hyperthermia, which increases the accumulation of the drug in the cancer cells. Moreover, as a consequence of the loss of cellular DNA repair capacity, the cytotoxic effect appears to be amplified, leading to higher sensitivity to chemotherapy.^[@zoi200528r8],[@zoi200528r9]^ Many studies have suggested that cytoreductive surgery followed by hyperthermic intraperitoneal chemotherapy (HIPEC) could prolong the overall survival (OS) of patients with advanced ovarian cancer.^[@zoi200528r10],[@zoi200528r11],[@zoi200528r12],[@zoi200528r13]^

Van Driel et al^[@zoi200528r6]^ presented the first RCT of HIPEC for stage III epithelial ovarian cancer, finding HIPEC to have a noticeable survival benefit. In this trial, all patients underwent 3 cycles of preoperative intravenous chemotherapy, which resulted in a satisfactory debulking surgery rate of 98%. The report by van Driel et al^[@zoi200528r6]^ suggested that neoadjuvant chemotherapy could serve a critical role in the treatment of bulky advanced ovarian cancer. However, a meta-analysis of 22 cohorts involving 835 patients with advanced ovarian cancer^[@zoi200528r14]^ demonstrated that neoadjuvant chemotherapy is associated with worse prognosis. There is presently a lack of large-scale, multicenter RCTs comparing the survival outcomes between PCS with and without HIPEC for patients with advanced epithelial ovarian cancer.

Despite the existence of high-quality evidence supporting the use of HIPEC in the treatment of patients with advanced ovarian cancer, its widespread adoption, and the National Comprehensive Cancer Network 2019 proposing it as an interval debulking surgery,^[@zoi200528r15]^ to our knowledge, no current multicenter, large-scale studies have examined whether a combination of PCS with HIPEC can improve the prognosis of patients with epithelial ovarian cancer. Thus, in the current study, we used data from 584 patients in 5 high-volume institutions to evaluate the efficacy and safety of PCS with HIPEC and PCS without HIPEC for patients with stage III epithelial ovarian cancer.

Methods {#H1-2-ZOI200528}
=======

Patient Population {#H2-1-ZOI200528}
------------------

This multicenter retrospective study was conducted by 5 members of the Chinese Peritoneal Oncology Study group. The purpose of this group is to create a multicenter HIPEC database for the treatment of ovarian, colorectal, pancreatic, and gastric cancer. Between January 2010 and May 2017, a total of 789 patients with stage III epithelial ovarian cancer were treated in the 5 participating centers ([Figure 1](#zoi200528f1){ref-type="fig"}). After the exclusion of 147 patients with recurrent disease, 4 patients with epithelial ovarian cancer combined with other tumor types, and 54 patients with incomplete data, 584 patients (74.0%) with stage III primary epithelial ovarian cancer were enrolled. The inclusion criteria were as follows: (1) histologically confirmed diagnosis of epithelial ovarian cancer, (2) no antitumor treatment before the operation, and (3) no evidence of extra-abdominal metastasis. This study was approved by the institutional review board and the ethics committee of each participating center. Written informed consent was waived because of the retrospective design. Our study followed the Strengthening the Reporting of Observational Studies in Epidemiology ([STROBE](http://www.equator-network.org/reporting-guidelines/strobe/)) reporting guideline.

![Flowchart Showing the Selection Process for Patients With Stage III Ovarian Cancer\
PCS indicates primary cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy; and RD, residual disease.](jamanetwopen-3-e2013940-g001){#zoi200528f1}

Surgical Procedures and HIPEC {#H2-2-ZOI200528}
-----------------------------

The completeness of the cancer resection was assessed according to the residual disease classification. Complete surgery was defined as residual disease measuring 1.0 cm or less in diameter and incomplete surgery as the presence of 1 or more residual nodules measuring greater than 1.0 cm in diameter.

HIPEC was simultaneously administered at the end of PCS using the closed technique. Two inflow catheters were positioned in the pelvic cavity, and 2 outflow catheters were positioned in the hepatorenal recess and hepatosplenic recess, respectively. Constant, precise temperature control was obtained with a continuous closed loop with a circulating pump, water-bath heater, heat exchanger, and real-time temperature monitoring. HIPEC was performed at a flow rate of 400 to 600 mL/min and a perfusion volume of 2 L/m^2^ saline for 60 minutes using the BR-TRG-I hyperthermic perfusion treatment technique (Bright Medical Tech). Circulating heated saline with cisplatin at a dose of 50 mg/m^2^ was kept within 0.1 °C of 43 °C. The HIPEC procedure was recommended to be performed on day 1, day 3, and day 5. The mean (SD) number of HIPEC treatments was 2.8 (0.8).

Follow-up {#H2-3-ZOI200528}
---------

The primary outcomes were median survival time (MST) and 3-year overall survival (OS). The cutoff date for follow-up was June 2019. We defined OS as the time between PCS until death from any cause. Most complete survival data were collected from the outpatient follow-up. The patients were followed up through telephone calls and messages from the department responsible for follow-up at each of the participating institutions. Information from patients who were alive at the cutoff date or who were uncontactable was defined as censored data. Adverse events were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0.

Statistical Analysis {#H2-4-ZOI200528}
--------------------

This study was designed to evaluate the efficacy and safety of PCS with HIPEC vs PCS alone on the OS of patients with stage III epithelial ovarian cancer. Continuous variables were described as mean with SD or median with interquartile range (IQR) and were compared using the *t* test or Mann-Whitney U test. Categorical variables were expressed as frequency and percentage and were compared using Pearson χ^2^ test or Fisher exact test.

The inverse probability of treatment weighting (IPTW) model was performed to control for differences in baseline characteristics between the PCS with HIPEC and PCS groups. The propensity score was evaluated as the probability of receiving HIPEC for each patient using a multivariate logistic regression model that included 2 major confounding factors: ascites and cycles of chemotherapy. These 2 variables were selected via a stepwise method that included the following factors: age, Eastern Cooperative Oncology Group performance status, grade, histology, ascetic fluid, and cycles of chemotherapy. Based on the propensity score, a stabilized inverse-probability weight was calculated for each patient as follows: for HIPEC patients, the proportion of treatment was divided by the propensity score; for non-HIPEC patients, 1 − the proportion of treatment was divided by 1 − the propensity score.

The primary outcome was survival. Survival curves, survival rates, and MST were generated using the Kaplan-Meier method, and differences between curves were estimated with the log rank test. A Cox proportional hazards model was used to calculate hazard ratios (HRs) as indicators of mortality risk. Subgroup analysis was performed to assess the consistency of the association of HIPEC with outcomes across subgroups, and interactions were evaluated. The analytical approaches used in the subgroup analysis were consistent with the overall analysis. These analyses were performed before and after weighting. In the weighted analysis, the weighted Kaplan-Meier method, log rank test, and Cox proportional hazards model were used to create adjusted results.

The statistical software package R version 3.6.1 (R Project for Statistical Computing) and SPSS statistics software version 24.0 (IBM Corp) were used for the statistical analysis. A 2-sided *P* \< .05 was considered statistically significant.

Results {#H1-3-ZOI200528}
=======

Patients {#H2-5-ZOI200528}
--------

A total of 584 patients, with a mean (SD) age of 55.0 (10.5) years were included in the study. Of these patients, 425 (72.8%) underwent PCS with HIPEC and 159 (27.2%) underwent PCS alone ([Figure 1](#zoi200528f1){ref-type="fig"}). Complete surgery (residual lesions measuring ≤1.0 cm in diameter) was received by 421 patients (72.1%), and the other 163 patients (27.9%) underwent incomplete surgery.

The baseline demographic and clinical characteristics of the patients before and after IPTW adjustment are shown in [Table 1](#zoi200528t1){ref-type="table"}. Before IPTW, compared with the PCS group, patients in the PCS with HIPEC group had more frequently completed at least 6 cycles of chemotherapy (56 \[35.2%\] vs 220 \[51.8%\]; *P* = .03) and had a more moderate and large ascites (moderate: 19 \[11.9%\] vs 75 \[17.6%\]; large: 38 \[23.9%\] vs 125 \[29.4%\]; *P* = .06). IPTW based on propensity score was performed to control for potential confounding effects. Except for hospital stay and time to first flatus, there were no statistical differences in baseline characteristics between the groups after IPTW adjustment.

###### Clinical and Clinicopathological Parameters of Participants

  Characteristic                                                   Patients, No. (%)   *P* value     PS-weighted *P* value            
  ---------------------------------------------------------------- ------------------- ------------- ----------------------- -------- --------
  Age, mean (SD), y                                                55.0 (10.5)         55.1 (10.1)   54.6 (11.7)             .68      .32
  ECOG PS                                                                                                                             
  0 or 1                                                           575 (98.5)          419 (98.6)    156 (98.1)              .97      .62
  2 or 3                                                           9 (1.5)             6 (1.4)       3 (1.9)                          
  Histology                                                                                                                           
  Serous                                                           536 (91.8)          390 (91.8)    146 (91.8)              .47      .32
  Mucinous                                                         24 (4.1)            18 (4.2)      6 (3.8)                          
  Endometrioid                                                     6 (1.0)             3 (0.7)       3 (1.9)                          
  Clear-cell                                                       10 (1.7)            9 (2.1)       1 (0.6)                          
  Other                                                            8 (1.4)             5 (1.2)       3 (1.9)                          
  Grade                                                                                                                               
  High                                                             534 (91.4)          385 (90.6)    149 (93.7)              .23      .17
  Low                                                              50 (8.6)            40 (9.4)      10 (6.3)                         
  Ascetic fluid amount[^a^](#zoi200528t1n1){ref-type="table-fn"}                                                                      
  None                                                             179 (30.7)          119 (28.0)    60 (37.7)               .06      .41
  Little                                                           148 (25.3)          106 (24.9)    42 (26.4)                        
  Moderate                                                         94 (16.1)           75 (17.6)     19 (11.9)                        
  Large                                                            163 (27.9)          125 (29.4)    38 (23.9)                        
  Residual disease                                                                                                                    
  ≤1 cm                                                            421 (72.1)          312 (73.4)    109 (68.6)              .24      .20
  \>1 cm                                                           163 (27.9)          113 (26.6)    50 (31.4)                        
  Cycles of chemotherapy                                                                                                              
  0                                                                87 (14.9)           59 (13.9)     28 (17.6)               .03      .90
  1                                                                81 (13.9)           52 (12.2)     29 (18.2)                        
  2                                                                45 (7.7)            28 (6.6)      17 (10.7)                        
  3                                                                29 (5.0)            19 (4.5)      10 (6.3)                         
  4                                                                36 (6.2)            26 (6.1)      10 (6.3)                         
  5                                                                30 (5.1)            21 (4.9)      9 (5.7)                          
  ≥6                                                               276 (47.3)          220 (51.8)    56 (35.2)                        
  Clinical characteristics, mean (SD)                                                                                                 
  Time to first flatus, d                                          4.2 (2.1)           4.3 (2.2)     4.0 (1.8)               .04      .04
  Hospital stay, d                                                 12.8 (5.1)          13.8 (5.1)    10.0 (3.8)              \<.001   \<.001

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; HIPEC, hyperthermic intraperitoneal chemotherapy; PCS, primary cytoreductive surgery; PS, propensity score.

Ascitic fluid categories as follows: little, below the pelvis; moderate, above the pelvic cavity; large, throughout the abdominal cavity.

Safety {#H2-6-ZOI200528}
------

The postoperative adverse events are listed in [Table 2](#zoi200528t2){ref-type="table"}. The most common grade 3 or 4 adverse events were electrolyte disturbance, anemia, leukopenia, and neutropenia in both groups. Grade 3 or 4 electrolyte disturbance occurred more frequently in the PCS with HIPEC group than the PCS alone group (118 \[28.1%\] vs 18 \[11.5%\]; *P* \< .001). No significant differences were observed in nonhematologic toxic effects between the 2 groups. The PCS group had shorter mean (SD) hospital stays and time to first flatus than the PCS with HIPEC group (10.0 \[3.8\] days vs 13.8 \[5.1\] days; *P* \< .001; 4.0 \[1.8\] days vs 4.3 \[2.2\] days; *P* = .04) ([Table 1](#zoi200528t1){ref-type="table"}). No other severe treatment-related complications occurred.

###### Major Toxic Effects and Complications in the Ovarian Cancer Patients[^a^](#zoi200528t2n1){ref-type="table-fn"}

  Adverse event                                                       Patients, No. (%)   *P* value    PS-weighted *P* value                                                                        
  ------------------------------------------------------------------- ------------------- ------------ ----------------------- ----------- ---------- ------------ ----------- ----------- -------- --------
  Hypoalbunemia                                                       17 (4.0)            381 (93.4)   15 (3.7)                0           14 (8.8)   123 (84.8)   3 (2.1)     0           \<.001   .001
  Anemia                                                              4 (0.9)             309 (73.4)   87 (20.7)               0           4 (2.5)    117 (75.5)   21 (13.5)   0           .03      .10
  Nausea                                                              1 (0.2)             298 (70.3)   0                       0           2 (1.3)    79 (50.3)    0           0           \<.001   \<.001
  Vomiting                                                            1 (0.2)             257 (60.6)   0                       0           2 (1.3)    64 (40.8)    0           0           \<.001   \<.001
  Electrolyte disturbance[^b^](#zoi200528t2n2){ref-type="table-fn"}   5 (1.2)             250 (59.5)   109 (26.0)              9 (2.1)     3 (1.9)    70 (44.9)    14 (9.0)    4 (2.6)     \<.001   \<.001
  Abdominal bloating                                                  1 (0.2)             201 (47.4)   0                       0           2 (1.3)    79 (50.3)    0           0           .53      .39
  Fever                                                               1 (0.2)             175 (41.3)   3 (0.7)                 0           2 (1.3)    55 (35.0)    2 (1.3)     0           .34      .33
  Leukopenia                                                          4 (0.9)             148 (35.2)   70 (16.6)               30 (7.1)    4 (2.5)    40 (25.8)    19 (12.3)   9 (5.8)     .02      .22
  Abdominal pain                                                      1 (0.2)             148 (34.9)   4 (0.9)                 0           2 (1.3)    69 (43.9)    3 (1.9)     0           .08      .03
  Neutropenia                                                         4 (0.9)             119 (28.3)   65 (15.4)               61 (14.5)   4 (2.5)    40 (25.8)    14 (9.0)    16 (10.3)   .03      .37
  AST increased                                                       11 (2.6)            88 (21.3)    3 (0.7)                 0           6 (3.8)    28 (18.3)    1 (0.7)     0           .73      .96
  ALT increased                                                       11 (2.6)            77 (18.6)    4 (1.0)                 0           6 (3.8)    24 (15.7)    0           0           .20      .46
  Thrombocytopenia                                                    4 (0.9)             73 (17.3)    14 (3.3)                2 (0.5)     4 (2.5)    22 (14.2)    6 (3.9)     0           .75      .77
  Pulmonary infection                                                 1 (0.2)             52 (12.3)    0                       0           1 (0.6)    16 (10.1)    1 (0.6)     0           .26      .23
  Diarrhea                                                            1 (0.2)             36 (8.5)     1 (0.2)                 0           2 (1.3)    10 (6.4)     2 (1.3)     0           .20      .44
  Pleural effusion                                                    1 (0.2)             23 (5.4)     0                       0           1 (0.6)    6 (3.8)      0           0           .42      .67
  Creatinine increased                                                11 (2.6)            22 (5.3)     2 (0.5)                 0           5 (3.1)    2 (1.3)      0           0           .07      .03
  Constipation                                                        1 (0.2)             17 (4.0)     0                       0           2 (1.3)    10 (6.4)     0           0           .23      .20
  Neurotoxicity                                                       1 (0.2)             11 (2.6)     0                       0           2 (1.3)    2 (1.3)      0           0           .52      .59
  Ileus                                                               1 (0.2)             7 (1.7)      0                       0           2 (1.3)    6 (3.8)      0           0           .21      .21
  Thromboembolic event                                                1 (0.2)             2 (0.5)      0                       0           2 (1.3)    0            0           0           .99      .39
  Incisional infection                                                1 (0.2)             1 (0.2)      0                       0           4 (2.5)    0            0           0           .99      .54
  Adhesions                                                           1 (0.2)             1 (0.2)      0                       0           2 (1.3)    1 (0.6)      0           0           .47      .21
  Dyspnea                                                             1 (0.2)             1 (0.2)      1 (0.2)                 0           1 (0.6)    2 (1.3)      1 (0.6)     0           .16      .16
  Cardiotoxicity                                                      1 (0.2)             1 (0.2)      0                       0           2 (1.3)    1 (0.6)      0           0           .47      .47
  Rash                                                                1 (0.2)             1 (0.2)      0                       0           2 (1.3)    2 (1.3)      0           0           .18      .09
  Anastomotic leakage                                                 1 (0.2)             0            0                       0           4 (2.5)    1 (0.6)      0           0           .27      .10
  Pancreatitis                                                        1 (0.2)             0            1 (0.2)                 0           4 (2.5)    0            0           0           .99      .54
  Intra-abdominal infection                                           1 (0.2)             0            0                       0           4 (2.5)    1 (0.6)      0           0           .27      .10
  Intra-abdominal bleeding                                            1 (0.2)             0            1 (0.2)                 0           4 (2.5)    1 (0.6)      0           0           .46      .16
  ARDS                                                                1 (0.2)             0            0                       1 (0.2)     1 (0.6)    0            0           0           .99      .54

Abbreviations: ALT, alanine aminotransferase; ARDS, acute respiratory distress syndrome; AST, aspartate aminotransferase; HIPEC, hyperthermic intraperitoneal chemotherapy; PCS, primary cytoreductive surgery; PS, propensity score.

According to Common Terminology Criteria for Adverse Events version 4.

Electrolyte disturbances including hypokalemia, hyperkalemia, hyponatremia, hypernatremia, hypomagnesemia, hypophosphatemia, and hypercalcemia.

Efficacy {#H2-7-ZOI200528}
--------

The median (interquartile range) follow-up period was 42.2 (33.3-51.0) months. Survival analysis revealed that patients with epithelial ovarian cancer in the PCS with HIPEC group had a significantly higher median OS than those in the PCS alone group. The MST was 49.8 (95% CI, 45.2-60.2) months in the PCS with HIPEC group vs 34.0 (95% CI, 28.9-42.3) months in the PCS group (HR, 0.63; 95% CI, 0.49-0.82; *P* \< .001). The 3-year OS rate was 60.5% (95% CI, 55.5%-65.2%) for the PCS with HIPEC group vs 49.6% (95% CI, 41.2%-57.5%) for the PCS alone group. After IPTW adjustment, PCS with HIPEC was still associated with better oncologic outcomes, with an MST of 49.8 (95% CI, 45.2-60.2) months in the PCS with HIPEC group and 34.0 (95% CI, 28.9-41.5) months in the PCS alone group (weighted HR, 0.64; 95% CI, 0.50-0.82; *P* \< .001) ([Figure 2](#zoi200528f2){ref-type="fig"}A). The 3-year OS rate was 60.3% (95% CI, 55.3%-65.0%) in the PCS with HIPEC group and 49.5% (95% CI, 41.0%-57.4%) in the PCS alone group (*P* = .01).

![Kaplan-Meier Estimates of Overall Survival\
Before and after the inverse probability of treatment weighting (IPTW) analysis for all patients with stage III ovarian cancer and divided into groups of patients who underwent complete primary cytoreductive surgery and who underwent incomplete primary cytoreductive surgery. HIPEC indicates hyperthermic intraperitoneal chemotherapy.](jamanetwopen-3-e2013940-g002){#zoi200528f2}

After further stratification into subgroups who received complete and incomplete surgery, the addition of HIPEC also had significantly better survival outcomes than surgery alone. In the complete surgery subgroup, the median OS was 53.9 (95% CI, 46.6-63.7) months for the PCS with HIPEC group and 42.3 (95% CI, 31.1-59.3) months for the PCS alone group (weighted HR, 0.67; 95% CI, 0.48-0.92; *P* = .02) ([Figure 2](#zoi200528f2){ref-type="fig"}B). The 3-year OS rate was 65.9% (95% CI, 60.1%-71.2%) in the PCS with HIPEC group and 55.4% (95% CI, 44.7%-64.8%) in the PCS alone group (*P* = .04). In the incomplete surgery subgroup, the median OS was 29.2 (95% CI, 22.3-45.5) months for the PCS with HIPEC group and 19.9 (95% CI, 11.6-39.1) months with PCS alone (weighted HR, 0.65; 95% CI, 0.44-0.97; *P* = .03) ([Figure 2](#zoi200528f2){ref-type="fig"}C). The 3-year OS rate was 44.3% (95% CI, 34.6%-53.4%) in the PCS with HIPEC group and 36.7% (95% CI, 23.4%-50.1%) in the PCS alone group, but the difference was not statistically significant (*P* = .19). The association of HIPEC was consistent across the levels of stratification factors. For example, patients aged 60 years or younger who received PCS with HIPEC compared with those who received PCS alone had an HR of 0.68 (95% CI, 0.49-0.94; *P* = .02), while those older than 60 years in the PSC with HIPEC group vs the PCS alone group had an HR of 0.58 (95% CI, 0.39-0.87; *P* = .008) ([Figure 3](#zoi200528f3){ref-type="fig"}). No significant interaction was found ([Figure 3](#zoi200528f3){ref-type="fig"}).

![Subgroup Analyses of Overall Survival\
A forest plot of showing the association of hyperthermic intraperitoneal chemotherapy (HIPEC) with overall survival in patient subgroups. HR indicates hazard ratio; PCS, primary cytoreductive surgery; ECOG PS, Eastern Cooperative Oncology Group performance status.](jamanetwopen-3-e2013940-g003){#zoi200528f3}

Discussion {#H1-4-ZOI200528}
==========

In this study, we evaluated adjuvant HIPEC with PCS for the treatment of advanced epithelial ovarian cancer. Our findings showed that for women with stage III epithelial ovarian cancer, the survival outcomes were significantly better for patients receiving PCS with HIPEC than for those receiving PCS without HIPEC (median OS, all patients: 49.8 \[95% CI, 45.2-60.2\] months vs 34.0 \[95% CI, 28.9-41.5\] months; patients who received complete surgery: 53.9 \[95% CI, 46.6-63.7\] months vs 42.3 \[95% CI, 31.1-59.3\] months; patients who received incomplete surgery: 29.2 \[95% CI, 22.3-45.5\] months vs 19.9 \[95% CI, 11.6-39.1\] months). Furthermore, when complete surgery was possible, the PCS with HIPEC approach achieved the best survival outcomes.

Nearly 70% of patients with advanced ovarian cancer relapse and die of the disease, even after standard-of-care treatment according to clinical guidelines.^[@zoi200528r16]^ Given that the peritoneal cavity is the primary site of tumor invasion and can be continuously exposed to a high concentration of chemotherapeutic agents, it seems rational to administer intraperitoneal chemotherapy directly into the peritoneum.^[@zoi200528r7],[@zoi200528r17],[@zoi200528r18]^ An earlier Gynecologic Oncology Group--172 trial demonstrated the benefits of adjuvant intraperitoneal chemotherapy and showed that the median OS was 16 months longer in the experimental group compared with the standard group among patients with optimally debulked stage III ovarian cancer (median OS, 65.6 months vs 49.7 months). However, only 42% of patients completed all of the recommended 6 cycles of intraperitoneal cisplatin and paclitaxel, mainly because poor tolerance and increased toxic effects limited further clinical practice.^[@zoi200528r7]^

Treatment with PCS followed by systemic chemotherapy has been the standard of care for newly advanced ovarian cancer for many years. However, neoadjuvant chemotherapy followed by interval cytoreductive surgery has emerged as an alternative strategy, given that it has demonstrated comparable survival to PCS.^[@zoi200528r4],[@zoi200528r5]^ Furthermore, the decision between PCS and neoadjuvant chemotherapy followed by interval cytoreductive surgery remains controversial, owing to unsatisfactory optimal cytoreduction rates and a poor median OS.^[@zoi200528r3]^ Maximum surgical debulking, especially when complete resection of the disease is possible, is undoubtedly considered the most crucial prognostic factor for patients with advanced ovarian cancer.^[@zoi200528r19],[@zoi200528r20]^ Indeed, in our study, complete PCS followed by HIPEC was associated with the best survival outcomes, with a median OS of 53.9 (95% CI, 46.6-63.7) months and a 3-year OS rate of 65.9% (95% CI, 60.1%-71.2%). However, the complete primary cytoreduction rate of 72.1% was relatively lower than that of the patients administered 3 cycles of neoadjuvant chemotherapy in the RCT,^[@zoi200528r6]^ further demonstrating the importance of neoadjuvant chemotherapy for increasing the rate of complete surgery.

In recent decades, the strategy of cytoreductive surgery plus HIPEC in treating advanced ovarian cancer has attracted much attention.^[@zoi200528r21],[@zoi200528r22],[@zoi200528r23],[@zoi200528r24],[@zoi200528r25]^ Research has shown that cytoreductive surgery with HIPEC can significantly improve survival in most peritoneal carcinomas from gastric cancer,^[@zoi200528r26]^ colorectal carcinomatosis,^[@zoi200528r27],[@zoi200528r28]^ and pseudomyxoma peritonei.^[@zoi200528r29]^ Furthermore, previous studies have confirmed that cytoreductive surgery plus HIPEC is effective and could improve the prognosis for patients with advanced ovarian cancer.^[@zoi200528r10],[@zoi200528r11],[@zoi200528r13]^ Recently, the addition of HIPEC to interval cytoreductive surgery has led to significantly better survival outcomes among patients with stage III epithelial ovarian cancer (median recurrence-free survival, 14.2 months vs 10.7 months; median OS, 45.7 months vs 33.9 months).^[@zoi200528r6]^ Accordingly, this conclusion has been adopted in the latest version of the National Comprehensive Cancer Network guidelines for ovarian cancer, which recommend that HIPEC with cisplatin can be considered at the time of interval cytoreductive surgery for stage III disease.^[@zoi200528r15]^ Despite this, further randomized clinical trials investigating whether the addition of HIPEC to PCS is also effective have yet to be conducted. Our results found that the median OS was 15.8 months longer among patients who underwent PCS combined with HIPEC than among those who underwent PCS without HIPEC. In the complete surgery and incomplete surgery subgroups, HIPEC therapy maintained its association with better OS. This success warrants further confirmation in prospective, multicenter, open-label, randomized, phase 3 trials of PCS with or without HIPEC.

The performance of HIPEC is heterogeneous, which may interfere with the results of these trials for patients with advanced ovarian cancer. Variable factors include the method of HIPEC used, treatment temperature, and frequency of treatment.^[@zoi200528r30]^ Furthermore, we are unsure whether HIPEC performed at 40 °C for 1 cycle is the best regimen. In our current study, HIPEC was performed with the same chemotherapy drug (cisplatin, 50 mg/m^2^), temperature (within 0.1 °C of 43 °C), and time (60 minutes), and it was performed repeatedly (mean \[SD\], 2.8 \[0.8\] times), which might have further increased the efficacy. Intraperitoneal chemotherapy can achieve high response rates in the abdomen because the peritoneal-plasma barrier offers dose-intensive therapy.^[@zoi200528r31]^ High concentrations of chemotherapeutics could directly act on tumor cells. Hyperthermia has been demonstrated to enhance the cytotoxicity of chemotherapeutic drugs and promote their infiltration in tumor cells, which suggests that hyperthermia might increase the beneficial effects of chemotherapeutic drugs.^[@zoi200528r31],[@zoi200528r32],[@zoi200528r33]^ Our results showed that PCS plus HIPEC resulted in longer OS than PCS alone.

Our findings and previous observations indicate that the addition of HIPEC could improve OS for patients with advanced ovarian cancer. Additionally, a French multicenter retrospective cohort study showed that a curative therapeutic approach combining cytoreductive surgery and HIPEC could improve the long-term oncologic outcomes in patients with advanced ovarian cancer, even in patients with chemo-resistant disease.^[@zoi200528r10]^ Another study revealed that the treatment of microscopic disease following cytoreductive surgery plus HIPEC in patients with advanced ovarian cancer is valid and can prolong disease-free survival.^[@zoi200528r11]^ Importantly, another prospective randomized phase 3 study on cytoreductive surgery plus HIPEC involving 120 patients with advanced ovarian cancer showed that the 3-year OS rates of the HIPEC group and the non-HIPEC group were 75% and 18%, respectively, and the median OS in the HIPEC group was prolonged by 13 months.^[@zoi200528r34]^

The rates of postoperative complications were similar between the PCS with HIPEC and PCS groups. The addition of HIPEC had little association with postoperative toxic events or on grade 3 and 4 adverse events, except electrolyte disturbance. HIPEC did not result in higher morbidity and mortality and was still within the range reported in the review, but the time to first flatus and length of hospital stay were longer.^[@zoi200528r35]^

Limitations {#H2-8-ZOI200528}
-----------

There are several limitations to the present study. First, the main limitation is the study's retrospective design, which brings selection bias, detection bias, and analysis bias. Second, homogeneity might have been lacking in the selection of patients undergoing PCS, PCS with HIPEC, or neoadjuvant chemotherapy in the participating institutions. The study also showed inferior survival compared with the Gynecologic Oncology Group--172 trial,^[@zoi200528r7]^ which might be because of the relatively higher rate of incomplete surgery in our study. Finally, this study did not demonstrate statistical superiority of adjuvant HIPEC in terms of the 3-year OS rate of patients who underwent incomplete surgery because of the small number of patients included in this subgroup. Therefore, we have launched a prospective, multicenter, large-scale RCT to compare PCS followed by HIPEC with PCS alone for stage III epithelial ovarian cancer.

Conclusions {#H1-5-ZOI200528}
===========

In this study, the PCS with HIPEC treatment approach was associated with better long-term survival and was not associated with postoperative severe morbidity and mortality. When complete PCS is possible, this approach can be a valuable therapy among patients with stage III epithelial ovarian cancer.
